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ABSTRACT 


The  injection  molding  process  for  elastomers  was 
investigated  for  its  applicability  in  the  fabrication  of 
end  items  for  Army  use. 

A  variety  of  elastomeric  compounds  was  prepared  and 
injection  molded.  Results  indicate  that  most  compounds 
which  can  be  compression  molded  can  also  be  injection 
molded.  Rubber  items  having  equivalent  physical  properties 
and  dimensions  were  obtained  from  the  two  molding  processes. 

Injection  molding  reduces  the  time  required  for  curing; 
eliminates  the  need  to  preform  the  rubber  prior  to  molding; 
reduces  the  amount  of  mold  handling;  and  lowers  the 
rejection  rate  in  comparison  with  compression  molding./ 
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PROBLEM 


To  investigate  the  use  and  applicability  of  the 
Injection  molding  process  for  elastomeric  items  used  in 
Army  equipment. 

To  determine  whether  properties  of  Injection  molded 
items  are  comparable  to  those  of  compression  molded  items 
and  whether  the  same  dimensional  tolerances  can  be  main¬ 
tained  in  both  processes. 

BACKGROUND 

The  growing  interest  in  the  injection  molding  process 
for  elastomers  is  due  to  its  many  advantages  over  com¬ 
pression  molding,  which  include:  less  stock  preparation, 
shorter  cure  cycles,  less  physical  handling  of  molds, 
improved  product  uniformity,  lower  finishing  and  labor 
costs  and  lower  rejection  rates.”* 2) 

In  compression  molding,  a  quantity  of  preformed  stock 
is  placed  in  a  heated  mold  cavity,  the  mold  is  closed  and 
pressure  and  heat  applied  which  cause  the  compound  to  fill 
the  cavity  with  any  excess  being  forced  out  as  flash. 

In  the  injection  molding  process,  the  mold  is  closed 
and  the  rubber  compound  is  then  injected  into  the  preheated 
mold  with  a  source  of  pressure  external  to  that  applied 
to  close  the  mold.  The  external  pressure  can  be  applied 
by  a  screw  or  ram.  Ram  type  injection  which  can  be 
continuously  loaded  and  automatically  controlled  has  been 
successfully  used  commercially  for  several  years. 

APPROACH 

In  order  to  determine  the  effect  of  mold  temperature 
and  cycle  time  on  properties  of  injection  molded  items, 
a  conventional  type  neoprene  compound  was  cured  at  three 
different  mold  temperatures  with  cycle  times  ranging  from 
1/2  to  5  minutes. 

Neoprene,  nitrile  and  SBR  compounds  commonly  used  in 
the  fabrication  of  Army  end  items,  were  compression  and 
injection  molded.  Physical  properties  were  determined  in 
order  to  compare  the  two  types  of  processing. 

1.  Z.  J,  Dorko,  J.  Timar,  J.  Walker,  "Injection  Molding, 
Compounding  &  Equipment,"  Rubber  World,  148,  29-52, 

July  1963. 

2.  W.  F.  Watson  and  D.  A.  W.  Izod,  "Injection  Molding  of 
Rubber,"  Rubber  World,  Vol.  155,  No.  5,  February  1967. 
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A  series  of  compounds  was  prepared  to  determine  the 
effect  on  physical  properties  of  several  conventional 
curing  systems  when  used  with  injection  molding. 

Compounds  based  on  an  SBR  masterbatch  were  vulcanized 
with  different  cure  systems  in  an  attempt  to  reduce  the 
injection  molding  cycle  to  one  minute  or  less.  Several 
polyurethane  based  compounds  containing  a  coagent  in  a 
peroxide  cure  system  were  included  in  the  study.  The  use 
of  coagents  with  conventional  peroxide  curing  systems  has 
been  found  to  have  a  beneficial  effect  on  properties  when 
used  with  certain  base  polymers. 

Injection  molded  compounds  were  developed  to  meet 
specific  grade  requirements  of  MIL-R-3065  and  MIL-STD-417 . 

Bonding  of  rubber  to  metal  was  investigated  to 
determine  if  special  bonding  procedures  would  be  necessary 
when  using  the  injection  molding  process. 

Formulations  for  compounds  used  in  this  study  are 
given  in  Table  I.  Compounds  were  mixed  in  an  internal 
Banbury  mixer  with  curatives  added  on  a  two  roll  mill. 

Physical  properties  of  compression  molded  rubber  were 
obtained  on  standard  6  x  6  x  0.075  inch,  ASTM  tensile 
sheets  cured  in  a  24  x  24  inch  platen  hydraulic  press 
under  1000  psi.  pressure. 

Injection  molding  was  accomplished  with  a  100  ton, 
vertical  ram  type  machine  with  14  x  14  inch  platens, 
capable  of  delivering  a  7--9  ounce  shot.  The  cylinder 
and  platens  are  steam  and  electrically  heated  respectively, 
while  both  ram  and  press  are  operated  hydraulically. 

A  front  view  is  shown  in  Figure  1 .  The  machine  is  capable 
of  either  manual  or  semi-automatic  operation.  Circular 
pads  (0.1  inch  thick  x  5.5  inches  in  diameter)  were  molded 
for  test.  The  pads  were  removed  hot  and  air  cooled. 
Molding  and  machine  conditions  are  listed  in  the  data 
tables. 

All  testing  was  carried  out  according  to  ASTM 
procedures . 


3.  John  A.  Williams,  "Coagents  for  Improved  Elastic 
Recovery  in  Polyester  Urethane  Elastomers , "  Rock 
Island  Arsenal  Technical  Report  66-382. 
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RESULTS  AND  DISCUSSION 

Initial  work  showed  that  stress-strain  properties  of 
injection  molded  SBR,  nitrile  and  neoprene  compounds, 
cured  with  conventional  curatives,  did  not  change  appreciably 
with  mold  temperature  over  the  range  380  to  420®F.  nor  with 
time  from  1  minute  to  5  minutes.  Table  II  shows  the  effect 
of  time  and  mold  temperature  on  the  properties  of  a  neoprene 
compound  (524-2). 

Compounds  of  SBR,  nitrile  and  neoprene  were  cured  by 
both  compression  and  injection  molding.  Table  III  presents 
a  comparison  of  properties  obtained  on  pads  compression 
molded  for  30  minutes  at  307OF.  and  injection  molded  2 
minutes  at  400®F. 

Variations  of  injection  cylinder  temperature  had  a 
negligible  effect  on  stress-strain  properties  but  exhibited 
considerable  influence  on  flow  and  end  item  appearance. 

Table  IV  presents  a  comparison  of  properties  obtained 
on  compression  and  injection  molded  test  pads  of  three 
different  elastomers  cured  with  conventional  curing  systems 
and  of  compression  and  injection  molded  silicone  compounds 
with  and  without  post  cure.  Results  Indicate  that  the 
over  all  properties  of  injection  molded  sulfur  donor 
(methyl  tuads)  cured  rubber  are  better  than  injection 
molded  sulfur  cured  compounds.  The  ultra  fast  curing 
system  of  Tetrone  A  and  Captax  could  not  be  controlled 
and  premature  curing  took  place  in  the  nozzle. 

Injection  molding  of  peroxide  cured  compounds  met 
with  varying  degrees  of  success.  Silicone  and  EPDM 
compounds  could  be  successfully  injection  molded  at 
400®F.  An  SBR  compound  required  a  reduction  in  cure 
temperature  to  350®F.  in  order  to  obtain  acceptable 
pieces.  A  compound  based  on  NBR  could  not  be  injection 
molded  at  the  reduced  temperature  of  350OF.  due  to 
premature  curing  in  the  sprqiec  and  runner  system;. .  The 
successfully  injection  molded  peroxide  cured  samples 
exhibited  improved  compression  set  values  compared  with 
sulfur  or  sulfur  donor  cure  systems. 

Post  curing  of  compression  and  injection  molded 
silicone  elastomers  produced  no  improvement  in  stress- 
strain  properties  and  only  slight  improvement  in  compression 
set  values. 

Table  V  presents  the  data  obtained  on  SBR  compounds 
prepared  in  an  attempt  to  reduce  the  injection  cure  cycle 
to  one  minute  or  less.  Stress-strain  properties  for  1/2 
minute  injection  molded  samples  compare  favorably  with 
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TABLE  III 


COMPARISON  OF  PROPERTIES  - 
COMPRESSION  VS.  INJECTION  MOIDING 


Press  Cured 

30  min.  ®  307°?. 

Injection  Molded 
2  min.  @  400®F. 

Injection  Molding 
Conditions 

SBR  1500/SBR  1023 

(508-1) 

Tensile 

psi 

2860 

2440 

Cylinder  Temperature  °F.  175 

Modulus  @  300%  E. 

ft 

1920 

i860 

Injection  Pressure,  psi  1700 

Elongation,  % 

435 

400 

Time  sec.  10 

Hardness,  Shore  A 

62 

62 

Gate  Diameter  in.  ,050 

SBR  1500 

C4S8) 

Tensile 

psi 

1870 

1760 

Cylinder  Temperature  ^F.  175 

Modulus  @  300  %  E 

ft 

450 

330 

Injection  Pressure,  psi  1200 

Elongation,  % 

705 

760 

”  Time  sec.  8 

Hardness,  Shore  A 

44 

45 

Gate  Diameter  in,  ,050 

SBR  1500 

C528-1) 

Tensile 

psi 

1740 

1210 

Cylinder  Temperature  ®F,  200 

Modulus  @  300%  E. 

ft 

150 

120 

Injection  Pressure,  psi  1500 

Elongation,  % 

960 

945 

”  Time  sec.  9.5 

Hardness,  Shore  A 

43 

42 

Gate  Diameter  in.  .050 

Neoprene 

(524-2) 

Tensile 

psi 

2440 

2220 

Cylinder  Temperature  ,  135 

Modulus  @  300%  E, 

tt 

1530 

1260 

Injection  Pressure,  psi  1500 

Elongation,  % 

370 

405 

'*  Time  sec.  6 

Hardness,  Shore  A 

51 

50 

Gate  Diameter  in,  .050 

Neoprene 

(538-1) 

Tensile 

psi 

1930 

1990 

Cylinder  Temperature  ®F,  150 

Modulus  @  300%  E. 

tt 

800 

600 

Injection  Pressure,  psi  800 

Elongation,  % 

465 

515 

”  Time  sec.  5,7 

Hardness,  Shore  A 

42 

37 

Gate  Diameter  in.  ,050 

NBR 

(441-1) 

Tensile 

psi 

1490 

1560 

Cylinder  Temperature  ®F.  180 

Modulus  ®  300%  E. 

ft 

1400 

1060 

Injection  Pressure,  psi  1500 

Elongation,  % 

325 

405 

"  Time  sec.  9.5 

Hardness,  Shore  A 

63 

58 

Gate  Diameter  in.  ,050 

NBR 

(461F1) 

Tensile 

psi 

1630 

1310 

Cylinder  Temperature  ^F.  170 

Modulus  @  300%  E. 

ft 

800 

1090 

Injection  Pressure,  psi  1700 

Elongation,  % 

495 

405 

”  Time  sec .  5.5 

Hardness ,  Shore  A 

54 

53 

Gate  Diameter  in.  ,050 

10 


COMPARISON  OF  COMPRESSION  AND  INJECTION  MOLDED  RUBBER 
CURED  WITH  THREE  TYPES  OF  CURING  SYSTEMS 
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TABLE  V 


THE  EFFECT  ON  SBR  PHYSICAL  PROPERTIES  OF  REDUCING  THE 
INJECTION  MOLDING  CYCLE  TO  ONE  MINUTE  OR  LESS 


Sulfur-Santocure 

Press  Cured 
3O11/3070F. 


Tensile  psi  3230 
Modulus  ®  300^  E.  "  1390 
Elongation,  %  520 
Hardness,  Shore  A  63 
Compression  Set  70’/212“F,,  %  63 


Su3J’ur«-Altax~Methyl  Selenac 

Press  Cured 

30 11/307  op. 


Tensile  psi  1590 
Modulus  @  3005^  E.  "  1470 
Elongation,  %  210 
Hardness,  Shore  A  70 
Compression  Set  70*/212‘»F.,  %  25 


Sulfur-Santocure-Morfax 


Press  Cured 

30  (1/307  op  ^ 


Tensile  psi 

3160 

Modulus  ®  300^  E.  »’ 

900 

Elongation,  % 

700 

Hardness,  Shore  A 

63 

Compression  Set  70'/212‘‘F.,  % 

63 

Sulf ur-Sant ocure-Ledat  e 

Press  Cured 

Tensile  psi 

2670 

Modulus  @300^  E.  " 

1620 

Elongation,  % 

295 

Hardness,  Shore  A 

72 

Compression  Set  70'/212®F.,  % 

37 

Sulf ur-Sant ocure  (Cadmium 

Oxide) 

Press  Cured 
30V307“F. 

Tensile  psi 

3020 

Modulus  ®  3005^  E,  " 

Elongation,  % 

370 

Hardness,  Shore  A 

68 

Compression  Set  70*/212‘*F,,  % 

49 

Sulfur-Santocure  (Cadmium  Oxide) 

Press  Cured 
30ii/307‘*F. 

Tensile  psi 

3020 

Modulus  @  300^  E. 

1060 

Elongation,  % 

370 

Hardness,  Shore  A 

68 

Compression  Set  70'/212'’F.,  % 

49 

m5Q. 


Injection  Molded  @  400**F. 


1/2  Min. 

3/4  Min. 

1  Min. 

1-1/2  Min. 

2410 

2980 

3170 

3140 

650 

970 

1160 

U30 

705 

630 

600 

610 

60 

61 

63 

63 

Spongy 

92 

84 

68 

S15Q-^ 

Injection  Molded  @  400 "F. 

1/2  Min. 

3/4,  Min. 

1-1/2  Min. 

2  Min. 

2170 

2080 

2350 

2160 

2210 

1220 

1360 

1310 

1330 

1280 

280 

275 

285 

270 

280 

67 

65 

66 

68 

69 

58 

53 

40 

36 

30 

SI5O-4. 

Injection  Molded  ®  400 *F. 

1/2  Min. 

3/4  Min. 

1  Min. 

1-1/2  Min. 

2  Min. 

3410 

3240 

3120 

3100 

2760 

1020 

920 

880 

790 

730 

730 

720 

720 

755 

710 

61 

61 

62 

62 

62 

80 

77 

74 

68 

64 

SIO5-5 

Injection  Molded  @  380 ®F. 

3/4  Min, 

IMin. 

1-1/2  Min. 

2  Min. 

2580 

2720 

2070 

2540 

2960 

1450 

1430 

1500 

1500 

1380 

295 

300 

245 

280 

310 

67 

67 

67 

68 

69 

65 

49 

48 

43 

37 

S16Q-7 

Injection  Molded  @  400 “P. 

1/2  Min, 

1  Min. 

1-1/2  Min. 

2  Min, 

3040 

3100 

3010 

2770 

2740 

1820 

2130 

2590 

2370 

460 

420 

375 

340 

335 

64 

65 

65 

68 

67 

67 

62 

53 

42 

37 

SI  50-7 

Injection  Molded  @  420®F. 

1/2  Min. 

1  Min. 

1-1/2  Min. 

2  Min, 

2220 

2100 

1880 

2260 

1530 

1100 

1240 

1160 

1120 

1130 

290 

260 

250 

280 

230 

66 

66 

66 

66 

66 

57 

46 

44 

33 

27 

Cylinder  Temperature  •F.  200 
Injection  Pressure  psi  1200 
"  Time  sec.  14 
Gate  Diameter  in.  ,050 


Cylinder  Temperature  ®F.  200 
Injection  Pressure  psi  1300 
•'  Time  sec.  14 
Gate  Diameter  in.  .050 


Cylinder  Temperature  •F.  200 
Injection  Pressxire  psi  1500 
”  Time  sec.  10 

Gate  Diameter  in.  ,060 


Cylinder  Temperature  ®F,  200 
Injection  Pressure  psi  1500 
"  Time  sec,  15 
Gate  Diameter  in.  .O6O 


Cylinder  Temperature  *F.  200 
Injection  Pressure  psi  1500 
Time  sec.  12 
Gate  Diameter  in.  .060 


Cylinder  Temperature  ®F,  200 
Injection  Pressure  psi  1500 
"  Time  sec.  12 

Gate  Diameter  in,  .O6O 
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those  molded  by  compression  for  30  minutes,  however,  an 
injection  molding  cycle  of  one  to  two  minutes  was  required 
in  order  to  obtain  compression  set  values  equivalent  to 
those  of  compression  molded  samples.  The  compound  which 
employed  cadmium  oxide  in  place  of  zinc  oxide  displayed 
the  best  over  all  properties  for  short  cycles.  At  a 
cure  temperature  of  420°F.,  samples  injection  molded  for 
90  seconds  had  properties  equal  to  those  of  compression 
molded  samples,  Including  compression  set. 

The  incorporation  of  coagents,  tri  allyl  cyanurate 
and  di  allyl  adipate  into  peroxide  cured  Genthane  S 
compounds  resulted  in  improved  properties,  as  shown  in 
Table  VI.  The  use  of  coagents  in  Genthane  SR  compounds 
resulted  in  slightly  poorer  properties.  This  is  possibly 
due  to  incompatability  between  the  coagent  and  the  TDI 
dimer  required  to  give  Genthane  SR  improved  oil  and  water 
resistance. 

During  the  course  of  this  investigation,  several  orders 
for  production  quantities  of  end  items  were  received, 
which  if  filled  by  injection  molding  would  result  in  a 
reduction  in  cost  and  time  required  to  complete  the  orders. 

Compounds  were  prepared  and  test  pads  injection 
molded  to  determine  their  conformance  to  grade  requirements 
of  Specification  MIL-R-3065  and  MIL-STD-417.  Physical 
properties  and  grade  requirements  are  presented  in  Table  VII 
Cure  cycles  of  2-3  minutes  at  400OF.  were  usually  sufficient 
to  produce  rubber  meeting  all  the  requirements  of  the 
specified  grades.  No  difficulty  was  encountered  in  meeting 
the  dimensional  requirements  with  injection  molded  articles. 
The  following  dimensional  tolerances  were  required  for  the 
filler  gasket,  item  D  of  Figure  2.:  Outside  diameter  - 
.004  inches,  inside  diameter  +.003  inches  and  +.005  inphes 
for  thickness.  These  tolerances  were  unusually  close  for 
molded  rubber  items.  Dimensions  of  injection  molded 
articles  can  be  controlled  to  a  limited  degree  by  changing 
injection  pressure  and/or  injection  cylinder  temperature. 
Photographs  of  end  items  produced  by  injection  molding  are 
presented  in  Figures  2  and  3. 

Some  difficulty  with  air  entrapment  was  experienced 
during  the  injection  molding  of  end  items,  but  changes 
in  mold  design  eliminated  this  problem.  The  first  molds 
made  for  injection  molding  of  more  intricate  shapes  than 
flat  test  pads,  were  made  with  close  fitting  sections  in 
order  to  minimize  flash.  It  was  discovered  that  the  close 
fit  would  not  allow  air  to  escape  fast  enough  and  some  air 
became  trapped  by  the  incoming  rubber.  Modifications  of 
the  molds  to  provide  more  space  between  mating  surfaces 
eliminate  air  entrapment  but  increased  the  amount  of  flash. 
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TABLE  VI 


EFFECTS  OF  CO. -AGENTS  ON  PHYSICAL  PROPERTIES 
OF  INJECTION  MOLDED  URETHANE  VULGANIZATES 

Genthane  S  U27-2  DiCup  40  C  Cure 


Tensile  psi 

Modulus  @  300^  E.  » 
Elongation,  % 

Hardness,  Shore  A 
Compression  Set  70'/212®F.,  % 

Genthane  S  U27-3 


Tensile  psi 

Modulus  @  300^,  E.  " 
Elongation,  % 

Hardness,  Shore  A 
Compression  Set  70*/212®F.,  % 

Genthane  S  U27-4 


Tensile  psi 

Modulus  @  300^  E.  » 
Elongation,  % 

Hardness,  Shore  A 
Compression  Set  70’/212®F.,  % 

Genthane  SR  U27 


Tensile  psi 

Modulus  @  300^  E.  » 
Elongation,  % 

Hardness,  Shore  A 
Compression  Set  70*/212‘*F.,  % 

Genthane  SR  U27-1 


Tensile  psi 

Modulus  @  yyo%  E.  » 
Elongation,  % 

Hardness,  Shore  A 
Compression  Set  70*/212®F.,  % 


Press  Cured  Injection  Molded  @  350**F. 


30"/320®F. 

1  Min. 

1-1/2  Min. 

2  Min. 

2-1/2  Min. 

3810 

2900 

3360 

3490 

3465 

3240 

1300 

700 

1200 

1440 

1610 

1660 

600 

835 

650 

580 

522 

490 

57 

57 

62 

63 

63 

63 

80 

94 

80 

73 

64 

63 

DiCup  40C  +  Tri  Allvl 

Cyanurate  Cure 

Press  Cured 

Injection  Molded  (ai  360®F. 

30"/320«F. 

IrJ./,2,Mln. 

2  Min. 

2-1/2  Min, 

3-Min.> 

2600 

2530 

a30 

2240 

2390 

2420 

1100 

720 

980 

1370 

1370 

1510 

290 

405 

310 

255 

265 

270 

65 

65 

67 

70 

71 

71 

35 

65 

56 

43 

36 

35 

DiCup  AOC  +  Di  Allvl  Adioate  Cure 

Press  Cured 

Injection  Molded  @  360®F. 

30’'/320®F. 

1  Min. 

1-1/2  Min. 

2  Min. 

2=1/2  JUn^. 

3  Min. 

2930 

3020 

3ao 

3290 

3050 

3130 

2010 

1400 

1880 

2110 

2350 

2440 

400 

570 

455 

435 

370 

380 

62 

'60 

64 

66 

67 

67 

46 

72 

57 

47 

45 

42 

DiCup  40C  Cure 

Press  Cured 

Injection  Molded 

@  350®F. 

30»'/320®F. 

1  Min. 

1-1/2  Min. 

2  Min. 

2-1/2  Min. 

3  Min. 

4230 

2990 

3660 

3880 

4190 

4130 

1350 

730 

990 

1400 

1600 

1760 

585 

780 

770 

620 

590 

545 

63 

57 

58 

64 

64 

64 

76 

90 

75 

72 

62 

54 

DiCup  40C  +  Tri  Allyl  Cyanurate  Cure 


Press  Cured 
30"/320®F. 

1  Min. 

Injection  Molded  @  350®F. 
1-1/2  Min.  2  Min.  2-1/2  Min. 

3  Min. 

33^0 

2980 

3020 

3750 

4080 

3860 

2920 

690 

810 

1010 

1630 

2340 

315 

805 

705 

750 

585 

420 

67 

58 

59 

61 

63 

65 

29 

95 

89 

77 

70 

53 

Cylinder  Temperature  ®F.  190 
Injection  Pressure  psi  1700 
"  Time  sec,  30 
Gate  Diameter  in.  .070 


Cylinder  Temperature  ®F.  I70 
Injection  Pressure  psi  1500 
”  Time  sec,  19 
Gate  Diameter  in.  .100 


Cylinder  Temperature  “F,  I65 
Injection  Pressure  psi  1500 
*'  Time  sec.  18 
Gate  Diameter  in.  .100 


Cylinder  Temperature  ®F,  190 
Injection  Pressure  psi  1700 
"  Time  sec ,  30 
Gate  Diameter  in.  .070 


Cylinder  Temperature  ®F.  I9O 
Injection  Pressure  psi  I6OO 
"  Time  sec.  24 
Gate  Diameter  in.  .070 
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TABLE  VII 


PROPERTIES  OF  INJECTION  MOLDED  RUBBER  TO  MEET  REQUIREMENTS 
OF  MIL-.R-3065  &  MIL-STD-417,  GRADE  RS  415BCiFiKi 


SBR  1500 


si54dt 


Original  Properties 

Tensile  psi 

Modulus  @  300^  E.  " 
Elongation,  % 
Hardness,  Shore  A 


Tensile  %  Change 
Elongation  " 
Hardness,  Points  " 

Comp,  Set.,  % 

Resistance  to  Ozone 

ASTM  D1149 

Bent  Loop  Specimen 

ASTM  D746  @  -40°F. 

Adhesion  to  Steel 

ASTM  D429  lbs. /in.  Width 
Method  B 


Injection  Molded  ®  4Q0^F. 

Min.  2  Min.  3  Min.  4  Min^  5  Min, 


Requirements 
MIL-R-3065 
&  MIL-STD-417 


1910 

1790 

1700 

1810 

1640 

1900 

1500  Min. 

710 

530 

560 

530 

540 

550 

400  Min. 

495 

540 

510 

570 

530 

570 

49 

45 

45 

44 

44 

44 

40  +  5 

-4 

-16 

+1 

+15 

+21 

+22 

-25  Max. 

-5 

-29 

-5 

-6 

+3 

•+9 

-25  Max. 

+2 

+4 

+3 

+3 

+2 

+2 

+7  Max. 

18 

37 

31 

23 

19 

20 

25  Max. 

OK 

OK 

OK 

OK 

OK 

OK 

No  Cracks 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

No  Failures 

56 

43 

50 

72 

80 

40  Min. 

Nitrile 


Injection  Molded 
1  Min.  2  Min.  3  Min. 


Requirements 

MII^R-3065 

MIL-STD-417 

Grade 


Original  Properties 

Tensile  psi 

Modulus  @  300^  E.  " 
Elongation,  % 
Hardness,  Shore  A 

Aged  70*/212^F./Air 

Tensile  %  Change 
Elongation  " 
Hardness,  Points  " 
Comp.  Set.,  % 

ASTM 

Oi' 


Tensile  %  Change 
Elongation  ** 

Volume  " 

ASTM  D746  @  -67 ^F. 


1730 

1750 

1950 

1660 

1820 

1850 

1500  Min 

1480 

1640 

1640 

1570 

1720 

1610 

365 

320 

325 

320 

325 

330 

300  Min. 

59 

63 

63 

64 

63 

63 

60+5 

+16 

0 

-7 

+19 

+7 

-15  Max. 

-11 

-38 

-20 

-9 

-15 

-12 

-35  Max. 

+3 

+? 

+3 

+3 

+4 

+3 

+15  Max. 

19 

34 

23 

16 

15 

12 

+35 

-11 

-29 

-39 

-16 

-25 

-24 

-65  Max. 

-19 

-36 

-37 

-25 

-28 

-26 

-50  Max. 

+34 

+40 

+43 

+40 

■^43 

+42 

0  to  120? 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

No  Failures 
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Several  of  the  grade  requirements  specified  that  the 
rubber  be  bonded  to  metal  (See  Figure  3)  during  the 
vulcanization  process.  Rubber  to  metal  bonding  during 
Injection  molding  presented  conditions  not  normally 
encountered  during  compression  molding.  The  force  at 
which  the  rubber  enters  the  mold  plus  the  flow  of  rubber 
in  filling  the  cavity  had  a  tendency  to  wipe  the  bonding 
agent  from  the  surface  of  the  metal  plates.  The  high  mold 
temperature  (4000F.)  also  contributed  to  the  problem  by 
producing  a  partial  cure  in  the  bonding  agent  before  the 
mold  filled. 

A  number  of  bonding  agents  were  evaluated  on  steel 
plates  using  both  a  one  and  two  coat  system.  Results 
are  listed  in  Table  VIII.  A  two  coat  system  was  required 
to  provide  adequate  bond  strengths.  Diluting  the  components 
of  the  two  coat  system  with  suitable  solvents  produced  some 
improvement.  Adequate  bond  strengths  were  obtained  using 
a  primer  coat  diluted  1:1  with  toluene  and  a  cover  coat 
undiluted.  Using  the  above  two  coat  system  on  anodized 
aluminum  produced  bonds  which  were  stronger  than  the  bonded 
rubber . 

CONCLUSIONS 

Most  elastomeric  compounds  which  can  be  successfully 
compression  molded  can  be  injection  molded.. 

The  sulfur  donor  cure  system  using  methyl  tuads 
produced  the  best  over  all  properties  for  sulfur  curable, 
injection  molded  compounds. 

End  items  can  be  produced  which  have  physical  properties 
and  dimensional  tolerances  equivalent  to  those  of  compression 
molded  articles. 

The  successful  injection  molding  of  elastomeric  items 
depends  to  a  large  extent  on  proper  mold  design. 

The  injection  molding  process  in  some  cases  is  better 
suited  for  production  items  than  compression  molding.  The 
mold  for  the  cable  closure  assembly  (Figure  2)  was  simpler 
to  make  for  injection  molding  than  for  compression  molding. 

RECOMMENDATIONS 


Injection  molding  of  rubber  items  should  be  considered 
as  a  means  of  producing  articles  on  a  production  basis. 

This  method  offers  high  quality  articles  at  considerable 
reduction  in  rejected  pieces,  cost  of  operation  and 
handling  time. 
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TABLE  Vlll 

EVALUATION  OF  BONDING  AGENTS  USED  WITH  INJECTION  MOLDING 


«|o 

-ON 

o 

o 


*d  c 

-P  -H 


G  • 
1-1  G 

CO 

CO 


G 

o 

M 
-P  rH 
O 
<D 

•O  G 
G  -H 
M  53 

M 


«G 

•d  -P 

<D  *  *0 

GO  ^ 

o  r- 

o  • 

CO  CO  G 
m  \  iH 
<D  t  \ 

u  o  • 

Oi  CO  CO 


■p 

G 

o 

tltDl 

<5 


to 

G 

i-i 

*o 

c 

o 

PQ 


€0 


o 

00 


rH 


CD 


O 

lO 


'0 

•0 

*0 

G 

G 

G 

0 

O 

0 

PO 

PP 

CO  m  lo 

0>  CO  O  l>  ^ 

<0 

o 

r»<  f-l  rH  CO  0 

rH  O 

CO 


CO 


CO 

to 


X 


X 

© 

^  r  £ 

-p 

•1 

P 

rH  rH 

rH  W  CO 

(D  ‘H 

. .  rH 

O  Q  0> 

CO  rH  rH  rH  i 

+>  a 

o  o 

CO  o  eo  o  o 

N  -O  O 

C4  O  C4  0 

\  ©  in 

O  W  CQ  rH  t 

r  o  -P 

+*  o 

csi  G  X 

M 

rH  m 

o 

rH 

B- 

<D 

X5 

U 


HrHCC|C0  4<Q  = 

0 . O 

0)  rH  rH  rH  rH  CO 

X  so 

o  ocq 

•G 

o 


Di  ^  it 
5  PO  CO  C3if 


-o 

(D 

-P 

G 

rH 

iH 

*o 

G 

P 

O 

CO  CS| 
CS| 


73 

0) 

+» 

G 

H 

•H 

O 

©  CO 
>  O 
O  W 


o 

rH  rH 

©  t 


G 

S- 

iH 

•d 

H 


44 

O 

rH 

S 

© 

43 

Q 


© 


iH  CO 
^  O 
O  « 


O  W 
•P 


X 

G  S  o 
O  Grj 
•H  G  S 

©•H  © 
©  a  43 
43  G  O 
»d  r-4 


<< 


19 


DISTRIBUTION 


No.  of  Copies 


A.  Department  of  Defense 

Office  of  the  Director  of  Defense 
Research  &  Engineering 
ATTN:  Mr.  J.  C.  Barrett 
Room  3D-1085,  The  Pentagon 
Washington,  D.  C.  20301 

Commander 

Defense  Documentation  Center 
ATTN:  TIPDR 
Cameron  Station 
Alexajidria,  Virginia  22314 

B.  Department  of  the  Amy  -  Technical  Services 

Commanding  General 
U.  S.  Army  Materiel  Command 
ATTN:  AMCRD-RC 
Washington,  D.  C.  20315 

Commanding  Officer 

U.  S.  Army  Chemical  &  Coating  Laboratory 
ATTN:  Dr.  C.  Pickett 

Technical  Library 

Aberdeen  Proving  Ground,  Maryland  21005 

Commanding  Generad 
U.  S.  Army  Tank  Automotive  Center 
ATTN:  SMCfrA-REM.2 
SMOTA-RCMG 

Warren,  Michigan  48090 

Commanding  General 
U.  S.  Army  Weapons  Command 
ATTN:  AMSWE-RD 
AMSWE-PP 

Rock  Island  Arsenal 
Rock  Island,  Illinois 

Commanding  Officer 

U.  S.  Army  Production  Equipment  Agency 

ATTN:  AMXPE 

Rock  Island  Arsenal 

Rock  Island,  Illinois 


1 


20 


1 


1 

1 


1 

1 


1 

1 


1 


20 


DISTRIBUTION 


Ccaninanding  General 
U.  S,  Amy  Missile  Command 
ATTN:  Doctonentation  &  Technical  Info.  Br. 
Mr.  R.  E.  Ely,  AMSMI-RRS 
Mr,  W.  K.  Thomas,  AMSMI 
Mr.  E.  J.  Wheelahan,  AM31I-RSM 
Redstone  Arsenal,  Alabama  35809 

Commanding  Officer 
Frankford  Arsenal 
ATTN:  SMUFA-KLOOO 

Library,  C2500 
Philadelphia,  Pa.  19137 

Commanding  Officer 

U.  S.  Army  Materials  Research  Agency 
ATTN:  RPD 
Watertown  Arsenal 
Watertown,  Mass.  02172 

Commanding  Officer 

Picatinny  Arsenal 

ATTN:  Plastics  &  Packaging  Lab. 

PLASTEC 

Dover,  New  Jers^  07801 

Ccamnanding  Officer 
Springfield  Armory 
ATTN:  SWESP-TX 
Springfield,  Mass.  01101 

Ccxrananding  Officer 
Watertown  Arsenal 
ATTN:  SMIWT-LX 
Watertown,  Mass.  02172 

Commanding  Officer 
Watervliet  Arsenal 
ATTN:  SWEWV-RDR 
Watervliet,  New  York  12189 

Commanding  General 
U.  S.  Amor  Munitions  Command 
Picatinny  Arsenal 
Dover,  New  Jersey  07801 


21 


DISTRIBOTION 


Commanding  Officer 

U.  S.  Army  Environmental  Health  Laboratory 
Army  Chemical  Center,  Maryland  21010 

Commanding  Officer 

U.  S.  Army  Chanical  Warfare  Laboratories 

ATTN:  Technical  Library 

Army  Chemical  Center,  Maryland  2101D 

Ccanmeinding  Officer 

Tobyhanna  Army  Depot 

ATTN:  SMC  Packaging  and  Storage  Center 

Tobyhanna,  Pennsylvania  18466 

Commanding  Officer 

U.  S.  Army  Engineer  R&D  Laboratories 

ATTN:  Chemistry  Research  Section, 

Materials  Branch 
Fort  Belvoir,  Virginia  22060 

Commanding  Officer 

U.  S.  Army  Electronics  R&D  Laboratories 
ATTN:  Mr.  Dan  Lichtenstein-PEE 
Materials  Branch 
Fort  Monmouth,  New  Jersey  07703 

Commanding  General 
Quartennaster  R&D  Command 
ATTN:  Clothing  &  Organic  Materials  Div. 
Natick,  Massachusetts  01760 

Commanding  Officer 
U.  S.  Amy  Medical  Biomechanical 
Research  Laboratory 
Walter  Reed  Amy  Medical  Center 
Forest  Glen  Section 
Washington,  D.  C.  20012 

Director 

Joint  Military  Packaging  Training  Center 
ATTN:  AMXPT-PT 

Aberdeen  Proving  Ground,  Maryland  21005 

Department  of  the  Army  -  Other  Annv  Agencies 

U,  S.  Amy  Reactor  Branch 
Division  of  Reactor  Development 
Atomic  Energy  Commission 
Washington,  D.  C.  20545 


DISTRIBUTION 


No. 


Commander 

U.  S.  Army  Research  Office 
Arlington  Hall  Station 
Arlington,  Virginia  22212 

Commcinding  Officer 

U.  S.  Army  Research  Office  (Durham) 

Box  CM,  Duke  Station 
Durham,  North  Carolina  27706 

U.  S,  Amy  Research  &  Development  Group  (Europe) 
ATTN:  Chief,  Chemistry  Branch 
APO  New  York  09757 

Commanding  Officer 
U.  S,  Amy  Aviation  School 
ATTN:  Office  of  the  Librarian 
Fort  Rucker,  Alabama  36362 

C.  Department  of  the  Navy 

Chief 

Bureau  of  Naval  Weapons 
Department  of  the  Navy 
ATTN:  RMMP 

Room  2225,  Munitions  Building 
Washington,  D.  C.  20360 

Commander 

Depeirtment  of  the  Navy 
Office  of  Naval  Research 
ATTN:  Code  423 
Washington,  D.  C.  20360 

Chief 

Department  of  the  Navy 
Bureau  of  Ships 
ATTN:  Code  344 
Washington,  D.  C.  20360 

Commander 

Department  of  the  Navy 
Special  Projects  Office 
ATTN:  SP  271 
Washington,  D.  C.  20360 


of  Copies 


1 


1 


1 


1 


1 


1 


1 


1 


23 


DISTRIBUTION 


Commander 

U.  S,  Naval  Ordnance  Laboratory 
ATTN:  Code  WM 
White  Oak 

Silver  Spring,  Maryland  20910 
Commander  ' 

Naval  Supply  Systems  Command 
SUP  0A42 

Department  of  the  Navy 
Washington,  D.  C.  20360 

Director 

Aeronautical  Materials  Laboratory 
Naval  Air  Engineering  Center 
Philadelphia,  Pennsylvania  19112 

Chief 

Bureau  of  Naval  Weapons 
Department  of  the  Navy 
ATTN;  ERMA-54 
Washington,  D.  C.  20360 

Commander  (Code  753) 

U.  S.  Naval  Oinlnance  Test  Station 
ATTN;  Technical  Library 
China  Lake,  California  93557 

Commander 

U.  S.  Naval  Research  Laboratory 
ATTN:  Technical  Information  Center 
Anacostia  Station 
Washington,  D.  C.  20390 

Commander 

San  Francisco  Bay  Naval  Shipyard 
Mare  Island  Division 
ATTN:  Rubber  Laboratory 
Vallejo,  California  94592 

DePoirtment  of  the  Air  Force 

U.  S.  Air  Force  Directorate  of  R&D 
ATTN:  Lt  Col  J.  B.  Shipp,  Jr. 

Room  4D-313>  The  Pentaigon 
Washington,  D.  C.  20330 


DISTRIBUTION 


Commander 

Wright  Air  Development  Division 
ATTN;  ASRCEE-1 
AFML 

Materials  Central 

Wright-Patterson  Air  Force  Base,  Ohio  45433 

ARDC  Flight  Test  Center 

ATTN:  Solid  Systems  Division,  FTRSC 

Edwards  Air  Force  Base,  California  93523 

Commeinder 

AMC  Aeronautical  Systems  Center 
ATTN:  Manufacturing  &  Materials 

Technology  Division,  LMBMO 
Wright-Patterson  Air  Force  Base,  Ohio  45433 

Ccfflimanding  Officer 

Brookley  Air  Force  Base 

ATTN:  Air  Force  Packaging  Laboratory 

Alabama  36615 


Scientific  &  Technical  Information  Facility 
ATTN;  NASA  Representative  (SAK/DL) 

Mr.  B.  G.  Achhammer 
Mr.  G.  C.  Deutsch 
Mr.  R.  V.  Rhode 
P.  0.  Box  33 
College  Pairk,  Md.  30740 


George  C.  Marshall  Space  Flight  Center 
NASA 

ATTN:  M-S&M-M 
M-KtAE-M 

HTontsville,  Alabama  35812 


British  Army  Staff 
British  Einbassy 
3100  Massachusetts  Ave.,  N.  W. 
Washington,  D.  C.  20008 


25 


DISTRIBUTION 


No. 


Canadian  Arrujr  Staff 

Canadian  Liaison  Office 

Hdqbrs,  U.  S.  Amy  Materiel  Comnand 

Washington,  D.  C.  20315 

Australian  Anry  Staff 
Austrsilian  Snbassy 
2001  Connecticut  Ave,,  N,  W. 
Washington,  D.  C.  20008 


of  Copies 


3 


3 


26 


1-  0«^lGJNATING  activity  (Corporate  author) 

Rock  Island  Arsenal 

Research  &  Engineering  Division 

Rock  Islandj  Illinois  61201 _ 

3.  REPORT  TITLE 

INJECTION  MOLDING  OF  EUSTCMEKS  (U) 


4.  descriptive  notes  (Type  of  report  and  inclusive  dates) 
S-  AUTHOR{'5^  (Last  name,  first  name,  initial) 

Ruby,  James  D, 


1473 


6-  REPO  RT  DATE 

June  1967 _ 

aa.  CONTRACT  OR  GRANT  NO. 

b.  PROJECT  NO. 

DA  #1C024A01A329 

c. 

AMS  Code  5025.11.295 

d. 


la.  TOTAL  NO.  OF  PAGF.5 

28 


9a.  ORIGINATOR'S  REPORT  NUMBERf'S; 


RIA  67-1677 


9i).  OTHER  REPORT  NO('S^  (A ny  Other  numbers  that  may  be  assigned 
this  report) 


lb.  NO.  OF  REFS 

3 


DD 


FORM 

1  JAN  «4 


Unclassified 

Security  Classification 


Unclassified 


Security  Classification 


Molding 
Elastomers 
Coanpounding 
Evaluation 
General  Properties 


INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY:  Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee,  Department  of  De¬ 
fense  activity  or  other  organization  (co'rporafe  author)  issuing 
the  report. 

2a.  REPORT  SECUFJiTY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  whether 
‘‘Restricted  Data”  is  included  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

26.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200.10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title, 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 

Giye  the  inclusive  dates;  when  a  specific  reporting  period  is 
covered. 

5.  AUTHC3R(S):  Enter  the  name(s)  of  author(s)  a^  shown  on 
or  in  t)»e  rdport.  Enter ^last  nhhie,  ftfst  name,  middleTinitiai. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  mihimum  requirement. 

6.  REPORT  DATfc  Enter  the  date  of  the  report  as  day, 
month,  year^  or  month>  year.  If'  mt>?e  than  one  date  appears 
on  the  report,  us^  date^of  publication, 

7a.  TOTAL  NUU^BERpF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i.e.,  enter  the 
number  of  pages  containing  information. 

76.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  report. 

8a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

86,  8c,  &  8d,  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

96.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  sponsor),  also  enter  this  number(s). 


10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 
imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC” 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized.” 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualiHed  DDC 
jusdrs  ahaU  request :*hr(^gh 


(4)  “U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(5)  “All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has, been  furnished  tq  the  Qffice  of  Technical 
Sepi.ccs,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  ^nter  tPje  pft.ce,  if  known. 

11.  SUPPLEMENTARY  NOTES;  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITAjRY  ACTiyiTY:  Enter  the  naiqq  of 
the  departmental  project  office  or  laboratory  ^onsoring  (pay¬ 
ing  Itor)  tne  research  an&  development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,-  eve'p  thoug^ 
it  may  also  appear  elsewhere  in  the  body  of  this  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet 
shall  be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  re¬ 
ports  be  unclassified.  Each  paragraph  of  the  abstract  shall 
end  with  an  indication  of  the  military  security  classification 
of  the  information  in  the  paragraph,  represented  as  (TS),  (S), 
(C),  or  (V). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Iden- 
fiers,  such  as  equipment  model  designation,  trade  name,  mili¬ 
tary  project  code  name,  geographic  location,  may  be  used  as 
key  words  but  will  be  followed  by  an  indication  of  technical 
context.  The  assignment  of  links,  rules,  and  weights  is 
optional. 


Unclassified 


ecunty  Classification 


QQ 

O 

•rt 

rH 

4  U 

u  o 
o  a 
a  o 


•s 

O  d 

M  +4 

M  WQ 
(4  O 
H  «H  a 
CO  0,0 
►H  O  ►« 
Q  O  ’M 


(0 
O 
H 
h 
O 
M 
d 
h 

^  d 
O  A  H  9 

■H  O  O  p 

m  uc^f> 

CO  d  H  CO 
0  <D  CD  < 
O  CA  ^ 
U  O 


CO 


O) 

N  • 
•CO  -M 
rH<  h 

OHO 
ao  Q, 

H  ^  ® 

d*  (4 

•  w 

ftO  -o 
O  9 
00  H  H 
Cl 

•  H 
«  O  CO 
^  (0 
CD  (j 
4*  H 
fl  O  O 
0  9  0 


Q 

9 

be 

0 

0 

9 

P 

d 

O 

H 

M 

0 

■H 

0 

9 

o 

d 

H4 

9 

■o 

•H 

H 

M 

p 

ft* 

be 

fl 

0 

p 

H  P 

t 

P  • 

t-t 

0 

0 

3 

d 

d  0 

P 

0  U 

(0 

•H 

P 

0 

3 

0  9 

P 

Q 

CO 

•o 

9 

a 

H 

9  a 

>H 

9  Q 

< 

H 

d 

fl 

d 

0  0 

PS 

9 

H 

0 

rH 

0 

> 

9  0 

H 

H  fl 

O 

s 

H 

o 

o  a 

CO 

a  o 

as 

p 

. 

. 

»~i 

Q 

0  0 
O  H 

1-4 

CM 

trj 

m 

O 

"  u 


PS  O 

H  Pm 

h*  lO 

H  oo 

CO  <  0> 

d  a 

H  a  CM 

OHO 

1  . 

9  H  >5 

^  rH 

O  HH 

CO  *H 

0  H  Q 

O  • 

d  3 

•  9  m 

•Q 

an  CM 

o  *0  ai 

9  P  O 

o  «  ^ 

PS  dio 

d  d  % 

p 

H  H  O 

9 

O  OH 

P  •*'0 

H  H  {h 

d  •  O 

,  u 

J  0  u 

^  P  H 

3 

0  0'-> 

H  S9 

o  o  % 

H  a 

«  PS  H 

OS  H  d 

TJ  9  9 

9  <0  9  I  a  h 

COJd  O-PT)  H  H  a 

(4  p  d  H  00  *0  t£P  0  9  9  0 
9  dJSOa  0  POJ0O 

a  0<<  O.P  fl  9  *0  H  9  3P.H 
OH  9  PO’OjO'O'O  m 

p  h90HdHP99OSCO 

2  ^  J  ®  2  9  fri  M  9 

dP9  dH(4(aaoio  914 
HHncootoo9  9 
9H0dH{aA-HOO9biOS 
H  5'09ap^3jaaHO 

t4.Q>,  O^h^MP-OPH  O 

o  d  a  CO  H  ac:  9  9  *0  *0 

Hoh’O  fl  aoMooHqjo 
H^qno  OiS  90dP 
CO  H  0PO  'InPUPfl  H 

(Da>40H  Toa  0d 
9aoa099  flHoou 

gd4H  a  ooja'OHO'OHPaa 

09  Hd»4Ha  HO 
hQQ(OOttaOOHOH»4Hn 
ap  a  d  flH  an  otjh 

H90  O  n’O  9H0I4 
bO  PH*  o>,90  fndd 

afjHjn-oxiojaoo-axia 

HO  9  9  OH  aHH  bO  B 

'OH-oa’OHp  dPot4'oo 
H  C0HJ30PP0H9H0 
0'09P0>9ai39l4.O0 

2S  -ooo-noiaac 

P«Hd  OOOH  003  H 
OdOHO-OHdOH  U^H 
ObO  900  >  U  |4  09 

HHq  H09H9  09  P 

PP044P0433^  ‘HJaPd 
oooHOoa  o*  ca  pqm 
99P  980999*0  3 

'O>d>»T->0«  0  9980000 

00OP0OHbOO9»4MflOO 
H  H  H  9  H  dOHOHOdHH 
l4H  P  H903H  P'0 

99.Qf4'O9a>0Oa‘l49  OH 
^ddd0Odd9i.i99ja9O 
H^^i^eoflo^oaatxap-ofl 


TJ  9  9 

9  *0  9  I  g  u 

9-0  OP'D  H  -H  9 

^^P  VtcAHMObfiPOO® 
9  dJCOfl  0  PO0 
Ba<!aP69'OH9  34J 

OH  9  paoja-oo 

P  ti90Hd<HP999 

>»  •  UP  0  o  9  ;<  »-• 
9  s 

9  9  0  9  9  9 
3dH9^H0__  _ 

>>  OChO^^POPH 

a  9  H  aoj 

*0  6 


-  !t 
bO  0 


O  t3 


9 


0  XJ 
p 


OS  -H  < 


d  P 
H 
9 

U  JQ 

0 

HOJh'O  S  0,(D  U 

H<a90  0X3  90 

9H  3PO  ‘tnPbfiPg  H 

cpa^OH  oa  cd  --i 

9a0a399  flHGObfi 
OdH  6  9X3'OH  OTJ-HPC  0 
O  09  HpJttrHg  HO 

»H99OP3  0OOHOHtHH9 
apfl  dflH  g,— (Q»0.H 

H  90  O  9*0  9H0S^ 

C>»©a  ^4dd 

ot«Hc^-ox3  oxs  0  o  a 

H0  990HaH-HbC  g 

'OP'Oe’OH+0  Rjpa;,oo 
H  G0HX3OPPOH9HO 
OTaOPO^OC^Otn^O 
E9  9E  •n90''?0X3gc 

PHd  9GH  003  H 

adOHD'OHrtojl-l 
ObO  900  >^4  U  09 

•HHC  •H09Ti9  09  P 

^J+JOPPOOG?  -H-GPrt 
O9H00a  O*  9  PCti 

99P  950999*0  D 

•r>>d>>-r)09  C99SOObfl 
anoPOOHbA09i^fc«Boc 

H-H'H9tH  dCH9H03H-H 
44  HtOOGCM  p-a 

9MXajU*a90>C0O'jH9  OH 
JCddd0Oedd9M9909O 
f-'»«M>dEOX3g  atnap'^s 


P  HP 
d  d  (4 

3  li  9 

H  9  a 

d  0  o 

> 

» 


££ 


•Q  • 

9  Q 
9 

H  S 

a  o 
o  u 

O  «H 


Q 

o 

flD 

O 

0 

9 

d 

0 

H 

M 

0 

H 

0 

9 

o 

d 

be 

9 

TJ 

H 

•rt 

H 

p 

fl 

0 

P 

rH  P 

H 

p  • 

tH 

0 

O 

3 

d 

d  0 

5 

0  O 

CO 

•H 

P 

O 

3 

0  9 

n 

Q 

CO 

TJ 

9 

S' 

iH 

9  a 

»-4 

9  a 

rH 

d 

s 

d 

O  0 

PS 

9 

H 

o 

iH 

o 

> 

9  0 

H 

H  a 

H 

u 

W 

o  a 

CO 

a  0 

» 

. 

CM 

. 

. 

. 

H4 

Q 

O  0 
O  *H 

rH 

CO 

H  H  m 
9  H  3 


•O  9  9 

9  *0  9  i  i  U 

9X3  9P*0  H  H  9 

hP  UdH9’ObDPO990 

Sdxaofl  0  P0X30 

o<apa©’OH9  3PH 
OH  9  pa'OxS’O'O  9 
P  l490HoJHP99m9 

9  >»  •  ap  O  O  9  l4  9 

dP9  dH09S9a  9(4 
90999  9  -^a 

dH9X3HOO9b0Ofl 
•H  pe-OOXiP^pXSaHO 

(4X1>,  0(43(4  ' 

o  d  fl  9  H  aos  9 

H  o  (4  *0  s  a  9 

H<q90  0X1  9 

OH  3  P  O  •  (4  P  hfiP 

ma(40H  'oa  cd 
9aoa309  SHcotA 
OdHfl  oxaTan  otshpo  a 
O  09  Hd(4HS  HO 

l4O90(4O0OH0H(4H9 

ap  a  dflH  SHO-OH 

H90  O  0*0  9Ha(4 

bA  PH  •  o>»9a  (4dd 

q(4H(4'O430X3OO*-aX3  a 
HO  990HaHHt9  fl 

'0‘M’oa’OH4J  dpa(4-oo 
H  a0HX30PP0H9HO 
0*09P0^90X30(4X30 
S9  9E  •H®0n3X3ec 

P«Md  90H  003  H 

OdOHa-oHdOH  (,«H 
Obfi  900  >0  U  09 

HHO  H09H9  09  P 

+44JO‘MPOXa3?  -SHXIP 


>> 

p 

<JJ 

3 

CM  • 

PS 

♦  CO  P 

9 

H  d  0 

9 

OHO 

H 

Q 

0  o  a 

0 

•rt  9 

O 

0 

P  . 

•  CM 

,d 

>» 

ao  *0 

10 

P 

U  9 

♦  0 

M  H  H 

O  P 

(N  <H 

2 

d 

</> 

•  H 

PS 

*  0  9 

0  M 

o  x3  H  a 

H  O  O  O 
9  (4  CJ  H 
9  d  H  to 
9  9  CD  «3C 
0  9 

O  9  "W 

■d  «  9 

H  {x, 

|«g° 

la^g 

H  H 


P 

o 

9  H 

0  O 

a 

& 

9  PC 

0 

•  9 

9 

9  P 

9 

fl  0 

9  9 

9  *0  3 

P  '•'TJ 

■o  >  d 

(s-n  O  9 

c 

9  9  fl  0 

□  ce 

d  •  o 

a 

0  O  P  0 

O  H 

bp  O 

9  0  0  8 

o  c 

^  «  o 

H  H  H 

9  H 

d 

C  H 

9  H  o  a 

HH 

3 

0  H 

p 

H  U) 

O  3  H 

PTJ 

d  H  w 

9 

O  P 

0  *0 

9  fl 

>  fl 

O  O'  0  9 

OH 

H  H  a 

P 

d  d 

d  fl 

0  d 

d  9 

0  9  9  P 

9  0 

OS  H  d 

>  d 

S  O  P  fl 

a  0  ap 

•0  8 

d  d  2; 

H  H  o 


|X  x<  M 

lo  o  >-s 

Q  O  O  50 
d  «  DS  M 


b*-  50 
CD  d 
P  H 
0  O  O 
3  9  P 
nP 
O 

-  (4 

h-  a 

h.  lO 
CJP  d  <3> 
H  Q  IN 

b-  H 
CD  -*(-4 
9  • 

.  9  lo 
an  CM 
9  P  O 
PS  d  >0 

p 

•  9 

P  -TJ 

d  •  o 

P  9  O 
3 

d  H  W 

H  H  an 

os  H  d 


9  9  0 
OP  O 
3  P  H 


9  *0  9  I  a 

9  P  9  P  *0  H  H 

(4  P  (4  d  H  9  TO  btIP  O 

9  d  P  O  a  0  P 

a  od  ap  fl  9  tj H  9 

OH  9  PO'OP'O'd 

^  ^®g''^dHP9909 

9  >»  •  aP  O  O  9  0  (rf  (D 

dP9  dH^coaoc  oS 
HH990999  9  -fca 

9H3dH9PH009CA0a 
H  &’09PP^3PCH0 

(jP^  O03(4P'OPH  o 
Oda9HaC5S9  9  *0*0 

§  O.©(49H0P 

HdQ90  OP  90dP 

2':^.  2-^^^  .(HPbOPfl  H 

9a0OH  xia  od 
9a0a399  flHOObO 
Od«Ma9P’OHOTJHpac 
Hd0Ha  HO 
^C09O0SOOO'MOH(4Hin 
apfl  dflH  flHO'OH 

H  90  o  0*0  9Hq0 
be  4->-H.  cxoo  0dd 
o(4H0-oPopoo-..aPo. 

Ho  oooHaH-Hfce  a 

^Om-OSTSHP  dPOP-CO 
H  COHPOPPOHOHO 
0*09P0»9qP0(4P0 
89  98  •n90*n3Pao 

^PHd  OOH  qo3H 
CdOHO'OHd9H  0%4 
ObD  900  >0  0  Qfli 

HHO  H30x40  OO  P 
PPOHPOPOIfc  •cHjg4Ja} 
0  0 


ooHooa  o*  o 
®aoo9o*o 

’H>d>»-'n09  0O9B 
0COP0OH(«O900 
HH^OH  rtOHOHO 

0H  P  H99g%4 

99P0’O9O>qOCJ‘0 
PdddCOdd9099P9O 
H  d  g  OX!  g  a0  ap•'^a 


3 

o  0  bo 
8  0  0 
d  HH 

P'0 
9  CiH 


